A fluorescence-based sensing system for the environmental monitoring of nickel using the nickel binding protein from Escherichia coli.
A sensing system for nickel based on the nickel binding protein (NBP) from Escherichia coli is shown to be feasible. The versatility of NBP was demonstrated by its use in three different assay formats. When the NBP binds nickel, it undergoes a conformational change that can be used as the basis for an optical sensing system for nickel. The NBP gene was overexpressed in E. coli and the protein purified in a single step using perfusion anion-exchange chromatography. A unique cysteine residue at position 15 in the NBP was labeled with the fluorophore, N-[2-(1-maleimidyl)ethyl]-7-(diethylamino)coumarin-3-carboxamide (MDCC). In a spectrofluorimetric assay, there was a maximum of 65% quenching of the fluorescence signal produced by NBP-MDCC in the presence of nickel. A response curve for nickel using NBP-MDCC revealed a detection limit of 8 x 10(-8) mol L(-1). NBP-MDCC was also used to develop assays in microtiter plate and fiber optic bundle formats. Detection limits for nickel using these formats were also in the submicromolar range. Selectivity studies conducted with other divalent metals, including copper, cobalt, iron, cadmium, and manganese, showed that fluorescence quenching for cobalt was similar in magnitude but with a detection limit more than 10-fold higher than for nickel. The quenching responses were lower for the other metals, with detection limits at least 10 to 100 times higher than for nickel. These results suggest that fluorescently labeled NBP is potentially useful in the development of a sensing system for nickel.